Introduction {#Sec1}
============

The American Cancer Society estimates that the most common cancer in females is breast cancer, which accounted for 30% of all new cancer diagnoses in females in the United States in 2018^[@CR1]^. Since breast cancer is a heterogeneous disease, its adequate evaluation and classification into subtypes based on molecular testing is recommended to predict its prognosis and facilitate treatment decisions. However, the elevated cost and inadequate access to molecular--genetic tests in clinical practice limits its use; therefore, using immunohistochemical (IHC) markers to define breast cancer subtypes is more common^[@CR2]^. According to previous studies, breast cancer subtypes have an impact on the prognosis of the disease and are associated with the response to endocrine therapy and chemotherapy. Meanwhile, it has been proven that anti-HER2 therapy increases the survival of patients with HER2-positive breast cancer^[@CR3]^. There are significant differences between the different subtypes of breast cancer.

Tumour proliferation is one of the most important prognostic factors. Ki-67 is a nuclear protein that is present during the late G1, S, G2 and M phases of the cell cycle, reflecting the proportion of cell proliferation^[@CR4]^. Ki-67 expression is also used for subdividing luminal-like breast cancers into luminal A and luminal B groups^[@CR5]^. It has also been demonstrated that high Ki-67 expression is associated with a higher risk of relapse and worse survival in early breast cancer patients^[@CR6]^.

Histological grade is an important determinant of breast cancer prognostication and could be incorporated in staging systems and in algorithms to choose the most appropriate treatment for patients with breast cancer^[@CR7]^. Histological grade is evaluated by breast pathologists according to the Nottingham modification of the Scarff-Bloom-Richardson (SBR) grading system. The tumour grade is determined by assessing morphological features (tubule formation, nuclear pleomorphism, and mitotic count). Therefore, the tumoral grade may be indirectly related to Ki-67 expression based on the mitotic count. However, few reports have described the correlation between Ki-67 and histological grade and how these two predictive factors are associated with the outcome of patients with different IHC-based subtypes of breast cancer.

In the present study, 2,573 breast cancer patients from a single institute were included to evaluate the interaction between Ki-67 expression levels and histological grade and their prognostic role in different IHC-based breast cancer subtypes.

Results {#Sec2}
=======

The correlation between Ki-67 and histological grade {#Sec3}
----------------------------------------------------

As shown in Table [1](#Tab1){ref-type="table"}, Pearson's χ^[@CR2]^ test and Student's *t*-test indicated that Ki-67 expression levels were significantly associated with histological grade in all patients (*p* \< 0.001) and in each IHC-based different subtype (*p* \< 0.001).Table 1Correlation of Ki-67 and tumoral grade in breast cancer patients among IHC-based subtypes.Ki-67 (continuous)Ki-67 (categorical)^\*^Median (IQR)*P*LowHigh*P*All patients\< 0.001\< 0.001    Grade 1, 20.1 (0.05--0.2)966743    Grade 30.3 (0.15--0.5)204660Luminal-like\< 0.001\< 0.001    Grade 1, 20.1 (0.05--0.2)803430    Grade 30.2 (0.1--0.4)115246HER2-positive\< 0.001\< 0.001    Grade 1, 20.2 (0.1--0.3)130256    Grade 30.3 (0.15--0.4)55252TNBC\< 0.001\< 0.001    Grade 1, 20.2 (0.1--0.45)3357    Grade 30.4 (0.2--0.65)34162Abbreviations: IHC-based, immunohistochemical-based; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer; IQR, interquartile rage.\* Ki-67 median = 15%, Ki-67 Low \<15%, Ki-67 High ≥ 15%.

In addition, the analysis results showed that (Supplementary Fig. [S1](#MOESM1){ref-type="media"}) to some extent, Ki-67 can predict histological grade, with an area under the curve (AUC) of 0.73 (95% CI: 0.71-0.75) in all patients. Similar results were observed when restricted to certain subtypes (AUC in luminal-like tumours: 0.73, 95% CI: 0.70-0.76; AUC in HER2-positive tumours: 0.63, 95% CI: 0.59-0.67; AUC in TNBC tumours: 0.66, 95% CI: 0.59-0.73).

Univariable and multivariable analysis of Ki-67 and histological grade on RFS {#Sec4}
-----------------------------------------------------------------------------

We studied the association of Ki-67 expression levels and histological grade with RFS (Table [2](#Tab2){ref-type="table"}). In the univariable analysis, both the Ki-67 expression level and histological grade had significant associations with RFS in luminal-like patients (*p* \< 0.001) but not in HER2-positive (*p* \> 0.05) or TNBC (*p* \> 0.05) patients. The multivariable analysis by Cox proportional hazard models adjusting for tumour stage, lymph stage, LVI and IHC-based subtypes confirmed the findings of the univariate analysis. Meanwhile, we divided HER2-positive patients into a luminal HER2-positive subgroup (hormone receptor-positive and HER2-positive) and non-luminal HER2-positive subgroup (hormone receptor-negative and HER2-positive), and conducted survival analyses in the two subgroups. We found that both the univariable and multivariable analyses showed that the Ki-67 expression level and histological grade had no significant associations with RFS in the two subgroups (Supplementary Table [S2](#MOESM1){ref-type="media"}).Table 2Univariable and multivariable analyses of Ki-67 and grade on RFS in breast cancer patients among IHC-based subtypes.All subtypesLuminal-likeHER2-positiveTNBCHR95% ClPHR95% ClPHR95% ClPHR95% ClP**Univariable**Ki-67 (categorical)\*    Low (reference)    High1.861.43--2.42\<0.0011.971.39--2.80\<0.0011.260.76--2.100.3731.380.64--3.000.413**Grade**    1, 2 (reference)    31.771.38--2.28\<0.0012.151.50--3.06\<0.0010.990.63--1.540.9511.510.74--3.090.255**Multivariable\*\***Ki-67 (categorical)\*    Low (reference)    High1.61.21--2.120.0011.881.31--2.690.0011.120.67--1.870.6671.620.73--3.580.234**Grade**    1, 2 (reference)    31.381.05--1.800.0211.971.36--2.85\<0.0010.80.51--1.270.351.310.63--2.710.466Abbreviations: RFS, recurrence-free survival; IHC-based, immunohistochemical-based; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer; HR, hazard ratio; CI, confidence interval.\* Ki-67 median = 15%, Ki-67 Low \<15%, Ki-67 High ≥ 15%.\*\* Cox proportional hazard models adjusting for tumour stage, lymph stage, lymphatic vessel invasion (LVI) and IHC-based subtype as covariates.

When we treated Ki-67 as a continuous variable rather than as a categorical parameter, the results were similar to the above findings (Supplementary Table [S1](#MOESM1){ref-type="media"}).

Interaction between Ki-67 and histological grade in breast cancer patients within IHC-based subtypes {#Sec5}
----------------------------------------------------------------------------------------------------

Subsequently, we investigated whether grade and Ki-67 level had complementary effects (Table [3](#Tab3){ref-type="table"}). Univariable analysis showed that in grade 1, 2 breast cancer patients, Ki-67 expression levels had a significant association with RFS in all patients (HR = 2.17, 95% CI: 1.53-3.06, *p* \< 0.001) and in luminal-like patients (HR = 2.04, 95% CI: 1.31-3.30, *p* = 0.002), but not in HER2-positive (HR = 1.52, 95% CI: 0.80-2.91, *p* = 0.204) and TNBC (HR = 2.82, 95% CI: 0.59-13.34, *p* = 0.192) patients. Although a higher HR was obtained for TNBC, the evidence for the prognostic importance of Ki-67 in this subgroup was weaker (due to a small number of patients in this subgroup \[90 cases\]). However, in grade 3 breast cancer patients, Ki-67 expression levels had no significant association with RFS in all patients or in any of the IHC-based subtypes (*p* \> 0.05). Further multivariable analysis demonstrated that in grade 1, 2 breast cancer patients, the Ki-67 expression level was a significant independent factor for RFS in all patients (HR = 1.87, 95% CI: 1.30-2.68, *p* = 0.001) and those with luminal-like breast cancer (HR = 1.92, 95% CI: 1.22-3.03, *p* = 0.005) and TNBC (HR = 31, 95% CI: 3.33-288.63, *p* = 0.003). However, because of the low number of cases in this subgroup of TNBC (90 cases), although there was a significant association of Ki-67 with RFS, the high HR was also unbelievable. In grade 3 breast cancer patients, this association did not reach the statistical threshold in all patients or in any of the IHC-based subtypes (*p* \> 0.05).Table 3Univariable and multivariable analyses of RFS in breast cancer patients among different IHC-based subtypes according to the Ki-67 levels of breast cancer patients with different grades.All subtypesLuminal-likeHER2-positiveTNBCHR95% ClPHR95% ClPHR95% ClPHR95% ClP**Univariable**Grade 1, 2    Ki-67 (categorical)\*        Low (reference)        High2.171.53 to 3.06\<0.0012.041.31 to 3.200.0021.520.80 to 2.910.2042.820.59 to 13.340.192Grade 3    Ki-67 (categorical)\*        Low (reference)        High1.030.67 to 1.570.9051.120.62 to 2.040.70.9510.41 to 2.190.9070.890.37 to 2.180.804**Multivariable\*\***Grade 1, 2    Ki-67 (categorical)\*        Low (reference)        High1.871.30 to 2.680.0011.921.22 to 3.030.0051.460.76 to 2.810.253313.33 to 288.630.003Grade 3    Ki-67 (categorical)\*        Low (reference)        High1.040.67 to 1.620.861.120.59 to 2.100.7370.680.29 to 1.600.3770.980.40 to 2.420.966Abbreviations: RFS, recurrence-free survival; IHC-based, immunohistochemical-based; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer; HR, hazard ratio; CI, confidence interval.\* Ki-67 median = 15%, Ki-67 Low \<15%, Ki-67 High ≥ 15%.\*\* Cox proportional hazard models adjusting for tumour stage, lymph stage, lymphatic vessel invasion (LVI) and IHC-based subtype as covariates.

Similarly, we also analysed the association between histological grade and RFS in patients with different Ki-67 expression levels (Table [4](#Tab4){ref-type="table"}). In "low Ki-67" patients, both the univariable and multivariable analyses showed that histological grade was significantly associated with RFS in all patients (univariable analysis: HR = 2.42, 95% CI: 1.54 to 3.79, *p* \< 0.001; multivariable analysis: HR = 1.92, 95% CI: 1.81 to 3.11, *p* = 0.008) and luminal-like patients (univariable analysis: HR = 2.56, 95% CI: 1.43 to 4.56, *p* = 0.001; multivariable analysis: HR = 2.12, 95% CI: 1.13 to 3.99, *p* = 0.02), but not in HER2-positive (univariable analysis: HR = 1.33, 95% CI: 0.53 to 3.35, *p* = 0.539; multivariable analysis: HR = 1.16, 95% CI: 0.44 to 3.05, *p* = 0.762) and TNBC patients (univariable analysis: HR = 3.34, 95% CI: 0.67 to 16.55, *p* = 0.141; multivariable analysis: HR = 3.33, 95% CI: 0.64 to 17.32, *p* = 0.153). Likewise, a higher HR was obtained for TNBC, but histological grade had no significant association with RFS in this subgroup due to the low number of cases (only 67 cases). In "high Ki-67" patients, histological grade had no significant prognostic value either in all patients or in any specific subtype (*p* \> 0.05).Table 4Univariable and multivariable analyses of RFS in breast cancer patients among different IHC-based subtypes according to the grade of breast cancer in patients with different Ki-67 expression levels.All subtypesLuminal-likeHER2-positiveTNBCHR95% ClPHR95% ClPHR95% ClPHR95% ClP**Univariable**Ki-67 Low^\*^    Grade    1, 2 (reference)    32.421.54 to 3.79\<0.0012.561.43 to 4.560.0011.330.53 to 3.350.5393.340.67 to 16.550.141**Ki-67 High**^**\***^    Grade    1, 2 (reference)    31.250.92 to 1.700.1621.50.94 to 2.400.0880.860.52 to 1.440.571.120.50 to 2.470.789**Multivariable\*\***Ki-67 Low^\*^    Grade    1, 2 (reference)    31.921.81 to 3.110.0082.121.13 to 3.990.021.160.44 to 3.050.7623.330.64 to 17.320.153**Ki-67 High**^**\***^    Grade    1, 2 (reference)    31.020.74 to 1.420.8911.490.92 to 2.400.1040.670.39 to 1.140.1360.750.32 to 1.80.525Abbreviations: RFS, recurrence-free survival; IHC-based, immunohistochemical-based; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer; HR, hazard ratio; CI, confidence interval.\*Ki-67 median = 15%, Ki-67 Low \<15%, Ki-67 High ≥ 15%.\*\* Cox proportional hazard models adjusting for tumour stage, lymph stage, lymphatic vessel invasion (LVI) and IHC-based subtype as covariates.

Moreover, we divided HER2-positive patients into a luminal HER2-positive subgroup (hormone receptor-positive and HER2-positive) and non-luminal HER2-positive subgroup (hormone receptor-negative and HER2-positive), and also studied whether grade and Ki-67 level had complementary effects in these two subgroups (Supplementary Tables [S3](#MOESM1){ref-type="media"} and [S4](#MOESM1){ref-type="media"}). The results were similar to those observed in the HER2-positive subgroup, i.e., regardless of the Ki-67 expression level or grade, this association did not reach the statistical threshold in either of the two subgroups (*p* \> 0.05).

Combined Ki-67 and histological grade for breast cancer patients within IHC-based subtypes

The 2,573 breast cancer patients were divided into four groups according to different histological grades and different Ki-67 expression levels: "low Ki-67" and grade 1, 2, "low Ki-67" and grade 3, "high Ki-67" and grade 1, 2, and "high Ki-67" and grade 3. As shown in Fig. [1](#Fig1){ref-type="fig"}, the Kaplan-Meier method indicated that for patients in all subtypes and luminal-like patients, "low Ki-67" and grade 1, 2 patients showed significantly higher RFS rates than those in the other three subgroups (*p* \< 0.001), while the other three subgroups showed similar RFS rates. However, in patients with HER2-positive and TNBC tumours, the four subgroups had no significant association with RFS (*p* \> 0.05). The results indicated that in the HER2-positive and TNBC subgroups, the evidence for the prognostic importance of Ki-67 and grade was weaker, even in the "low Ki-67" and grade 1, 2 patients. However, it should be noted that in the TNBC subgroup, the number of "low Ki-67" and grade 1, 2 patients was very small, only 33 cases, which may affect the analysis results.Figure 1Kaplan-Meier curves of recurrence-free survival according to the different grades and different Ki-67 expression levels of breast cancer patients within different IHC-based subtypes. (**a**) All subtypes; (**b**) luminal-like; (**c**) HER2-positive; and (**d**) TNBC. Abbreviations: IHC-based, immunohistochemical-based; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer. NOTE. Ki-67 median = 15%, Ki-67 Low \<15%, Ki-67 High ≥ 15%.

Discussion {#Sec6}
==========

The current study indicated that "high Ki-67" was associated with inferior RFS, which was consistent with the findings of previous studies^[@CR8],[@CR9]^. In addition, a meta-analysis including 18 studies also indicated a significant association between Ki-67 and prognosis^[@CR10]^. The results of previous studies were consistent with those of our study, which detected a statistically significant association between the expression level of Ki-67 and RFS in all patients and in luminal-like patients. However, the present study indicated no significant association between Ki-67 expression levels and RFS in HER2-positive patients and TNBC patients. We considered that the low cut-off point (15% in the present study) to differentiate "high Ki-67" and "low Ki-67" might contribute to the nonsignificance. In the St. Gallen Consensus on the primary therapy of early breast cancer 2011, the cut-off point was set at 14% to distinguish "high Ki-67" from "low Ki-67" to differentiate luminal A and luminal B tumours^[@CR11]^. HER2-positive breast cancer and TNBC are considered to show more aggressive clinical characteristics and poorer prognosis, showing higher Ki-67 expression levels than luminal-like breast cancer^[@CR12],[@CR13]^. Thus, the cut-off point of Ki-67 might be set higher for HER2-positive and TNBC patients. More prospective studies should be conducted to explore the best cut-off point for the Ki-67 expression level as a predictive factor for RFS in the different clinicopathological subtypes of breast cancer^[@CR8],[@CR14],[@CR15]^.

Our research also demonstrated that histological grade was a significant independent factor for RFS in all patients (*p* \< 0.001) and luminal-like patients (*p* = 0.021). No significant associations were found between histological grade and RFS in HER2-positive (*p* \> 0.05) and TNBC (*p* \> 0.05) patients, which was consistent with the findings of previous studies^[@CR7]^. In addition, a previous study that assessed 1,831 patients also indicated that histological grade showed a very strong correlation with prognosis: patients with a low histological grade had significantly better survival outcomes than those with a high histological grade (*p* \< 0.0001)^[@CR16]^.

The present study also indicated that the trend of association between Ki-67 and RFS was parallel to the trend of association between histological grade and RFS in all patients and those within the different IHC-based subtypes. A positive correlation between Ki-67 and histological grade in breast cancer patients within the different IHC-based subtypes was observed. Interestingly, we found that these two factors can be used together to more accurately predict the prognosis of patients. In grade 1, 2 patients, the association between Ki-67 and RFS was significant in all patients and luminal-like patients. The Ki-67 expression level was a significant independent factor for RFS in patients with grade 1, 2 TNBC, but TNBC only accounted for 11.1% of all breast cancer patients in this study. Interestingly, similar to the above conclusion, the histological grade in all patients and luminal-like patients can help to further divide the prognosis of patients with "low Ki-67". However, in patients with HER2-positive breast cancer and TNBC, histological grade had no significant prognostic value in patients with either "high Ki-67" or "low Ki-67". Furthermore, we divided the HER2-positive patients into a luminal HER2-positive subgroup (hormone receptor-positive and HER2-positive) and non-luminal HER2-positive subgroup (hormone receptor-negative and HER2-positive), and investigated the same parameters. The results were similar to those observed in the total HER2-positive subgroup. In other words, our study indicated that in "high Ki-67" patients, histological grade had no significant prognostic value in all breast cancer patients or within any specific subtype. Similarly, in grade 3 patients, Ki-67 also had no significant prognostic value. We considered that patients with "high Ki-67" or grade 3 were associated with decreased RFS and had poorer prognosis, which was consistent with the findings of previous studies^[@CR8],[@CR9],[@CR17],[@CR18]^. Additionally, HER2-positive breast cancer and TNBC are considered to show more aggressive clinical characteristics and poorer prognosis, resulting in a higher recurrence rate and mortality than luminal-like breast cancer^[@CR12],[@CR13]^. In this study, we also observed that in all patients and luminal-like patients, those with "low Ki-67" and grade 1, 2 had a significant association with better RFS, while in the other three subgroups, patients with different Ki-67 indexes or grades showed similar RFS rates. A recent study detected that all luminal A-type cases and most grade 1 luminal B (HER2-positive)-type cases have low proliferative activity (low Ki-67), whereas histological grade is not informative enough to estimate tumour proliferation (Ki-67 expression levels) in luminal B (HER2-negative), HER2 and TNBC cases^[@CR19]^. In addition, a study including 1,560 breast cancer patients observed no association between Ki-67 values and histological grade^[@CR20]^. More studies are needed to provide further evidence for this correlation.

Some limitations of our study should be acknowledged. First, the study did not make different cut-off points of Ki-67 to explore the association between Ki-67 expression levels and RFS in different clinicopathological and histological grade subtypes. Second, because of the low frequency of TNBC in the whole population, the number of TNBC cases only accounted for 11.1% of all the breast cancer patients in this study, while for the TNBC subgroup, the number of "low Ki-67" and grade 1, 2 patients was the smallest in the study, only 33 cases. In addition, the median follow-up time in this study was only 40.6 months. A longer follow-up time is necessary, especially for luminal tumours, where late recurrences are common.

In conclusion, the present study not only showed that Ki-67 and histological grade are important and independent factors for the prognosis of breast cancer, especially for luminal-like cancer, but also, more importantly, that these two factors can be used together to more accurately predict the prognosis of breast cancer patients within different IHC-based subtypes. The association between Ki-67 and RFS was significant in grade 1, 2 patients of all subtypes of breast cancer and luminal-like patients. In "low Ki-67" patients, histological grade had a significant association with RFS in all patients and luminal-like patients. Patients with "low Ki-67" and grade 1, 2 showed significantly higher RFS rates than patients with "low Ki-67" and grade 3, "high Ki-67" and grade 1, 2, and "high Ki-67" and grade 3. The other three subgroups showed similar RFS rates in all patients and in any specific subtype. However, the association between Ki-67 and histological grade is still undefined. Exploring the best cut-off point of Ki-67 for use as a predictive factor for prognosis in breast cancer patients within different IHC-based subtypes is also essential.

Methods {#Sec7}
=======

Patients {#Sec8}
--------

The studied patients were from the Breast Malignancy Database established by the Department of Breast Surgery, Fudan University Shanghai Cancer Center. All patients provided informed consent for their information to be stored in the hospital database and used for research. The information in this database had been reported previously^[@CR21]^. The present study was approved by the Ethical Committee of Fudan University Shanghai Cancer Center and Institutional Review Boards for clinical investigation. All of the methods were performed in accordance with the Declaration of Helsinki and the relevant guidelines.

In this study, we selected 2,591 consecutive breast cancer patients who were diagnosed with invasive ductal carcinoma (IDC) of the breast and were treated with surgery from Nov 2007 to Dec 2012. All included breast cancer patients met the following inclusion criteria: 1) sufficient information was available to reflect the pathology and follow-up of breast cancer; 2) a tissue sample for IHC was available; and 3) adjuvant systemic chemotherapy, radiotherapy and/or hormone therapy were administered as clinically indicated in accordance with standard practice during the study period. The median time of follow-up was 40.6 months (ranging from 7.9 to 86.7 months). Eighteen subjects were lost to follow-up. Finally, 2,573 patients were included in the present study. Recurrence-free survival (RFS) was the evaluated endpoint. In our study, RFS was defined as the time from when surgery performed to the first recurrence/metastasis of disease or the diagnosis of contralateral breast cancer.

Pathological report {#Sec9}
-------------------

We determined the tumour stage according to the American Joint Committee on Cancer (AJCC) pathologic tumour-node-metastasis (TNM) classification (7^th^ edition)^[@CR22]^. The pathological reports included information on the tumour size, histological grade, presence or absence of lymph node metastasis and IHC for hormone receptors (oestrogen receptor \[ER\] and progesterone receptor \[PR\]), human epidermal growth factor receptor-2 (HER2) and Ki-67. The positive cell rates for the hormone receptors were determined by IHC, and a value of ≥1% was considered positive^[@CR23]^. Tumours with a HER2 3+ score on IHC were considered HER2-positive. If the HER2 score was 2+, we performed an immunofluorescence *in situ* (FISH) assay to further evaluate the HER2 amplification status. The fraction of proliferating cells (Ki-67-positive) was based on a count of at least 500 tumour cells in the peripheral area, including the hot spot. The cell count for each image was performed manually using ImageJ software (National Institutes of Health, USA). In each case, the Ki-67 values were presented as the percentage of positive cells. The median value for Ki67 was 15% (range: \<1% - 98%), which was used to define low or high Ki-67 expression levels: Ki-67 values \<15% were defined as "low Ki-67", whereas values ≥ 15% were defined as "high Ki-67". At present, the cut-off between "high" and "low" values for Ki-67 varies between laboratories, as well as between times. Initially, a level of \<14% was defined as "low" value for Ki-67 in St Gallen consensus in 2011^[@CR3]^. Subsequently, the majority of the St Gallen panel voted that a threshold of \<20% was indicative of "low" Ki-67 status in 2013^[@CR24]^. However, we could not determine which one, either 14% or 20%, is a better cut-off for Ki-67 yet. In this study, we chose the median value of 15% for Ki-67 as the threshold. We had further conducted analysis according to the cutoff value of 20% for Ki-67, and the results were consistent with the findings in analysis using 15% as cutoff (data not shown). Histological grade was evaluated by breast pathologists according to Elston and Ellis^[@CR25]^. Well-differentiated was defined as grade 1, moderately differentiated was defined as grade 2, and poorly differentiated was defined as grade 3.

In this study, the 2,573 breast cancer patients were classified into three subtypes according to immunohistochemistry: (1) luminal-like, which included breast cancer patients who were hormone receptor-positive (ER-positive or PR-positive) and HER2-negative; (2) HER2-positive, which included breast cancer patients who were hormone receptor-positive and HER2-positive or those who were hormone receptor-negative and HER2-positive; and (3) triple-negative breast cancer (TNBC), including breast cancer patients who were hormone receptor-negative and HER2-negative. The basic information on the clinical and pathological characteristics of the breast cancer patients enrolled in this study is shown in Table [5](#Tab5){ref-type="table"}.Table 5Clinical and pathological characteristics of all the patients.CharacteristicsAll patients (n = 2573)%**Age at diagnosis, y**\<4032912.840-60177969.1\>6046518.1**Tumour stage**T1119246.3T2127549.6T3532.1Tx532.1**Lymph stage**N087133.9N1117745.7N230111.7N32248.7**LVI**Negative151558.9Positive94036.5Unknown1184.6**IHC-based subtypes**Luminal-like159461.9HER2-positive69326.9TNBC28611.1**Histological grade**Grade 1, 2170966.4Grade 386433.6**Ki-67\***Low117045.5High140354.5**Recurrence status**Yes2489.6No232590.4Abbreviations: LVI, lymphatic vessel invasion; IHC-based, immunohistochemical-based; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.\*Ki-67 median value = 15%, Ki-67 Low \<15%, Ki-67 High ≥ 15%.

Statistical analysis {#Sec10}
--------------------

All data were analysed using SPSS, version 21.0 software (SPSS Inc., Chicago, IL, USA). In order to compare the categorical variables, we used the Pearson's χ^[@CR2]^ test. The Student's *t*-test was used to compare the continuous variables between two groups. To estimate the differences between the survival curves that were analysed by the Kaplan-Meier method, we used the log-rank test. Cox proportional hazards model was used to perform the multivariable analyses (method: enter) to further identify the variables that were independently associated with RFS. Cox proportional hazard models adjusting for tumour stage, lymph stage, lymphatic vessel invasion (LVI) and IHC-based subtypes regarded as covariates were used to estimate the independent effects of Ki-67 levels or histological grade on the RFS of breast cancer patients. All *p*-values were from two-sided tests, and a *p*-value of less than 0.05 was considered statistically significant.
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